INTRODUCTION
The autofrettage process induces compressive residual stresses at the bore of a gun tube which improve the capability of the tube to overcome firing stresses. At Watervliet
Arsenal, the swage autofrettage process consists of pushing an oversized mandrel through the lubricated bore of the gun tube. Unpublished test data from a preliminary study* by Dr. Vito Colangelo at the Watervliet Arsenal (Table I) revealed that certain mechanical properties, notably impact energy, were adversely affected by overstrain in autofrettage.
Examination of some early process data on the 152mm M81 gun tube indicated that a slight drop in impact energy and an increase in yield strength occurred as a result of auto-
frettage.
The results were not conclusive, however. If such variations in mechanical properties were significant, the information could be factored into the material requirements for weapons in production and in the design stage. This study was undertaken to determine the effect of excessive and normal overstrain upon mechanical properties in gun tubes.
Test Procedure
A test program was devised to obtain a direct correlation between overstrain and mechanical properties by varying the amount of overstrain in gun tube material, and then sectioning the material for test purposes.
The procedure consisted of machining two 105mm M68 rough forgings to the dimensions of the breech and muzzle ends of a gun tube prior to the swage autofrettage process. The tubes were then cut into nine two-foot long cylinders which produced three cylinders of the breech dimension and six cylinders of the muzzle dimension for each forging. The specimen configuration is shown in Figure 1 and produced a breech wall ratio of 2.20 and a muzzle wall ratio of 1.55. These specimens were heat treated in-house to assure uniformity of material, and then machined to the swage detail. Table III. A microstructural examination was also made to determine whether overstrain resulted in any visible changes in material structure. These photomicrographs appear in Figure 2 and 
DISCUSSION AND RESULTS
Comparative values before and after overstrain are shown in Table II for tensile strength, yield strength, reduction in area, elongation, and impact energy.
Effect of Overstrain on Mechanical Properties
The test results summarized in Table II 
Effect of Thermal Treatment Upon Tensile Properties
A series of selected test specimens were thermally treated after overstrain and the test results are shown in Table III .
In this table test values It is clearly evident from Table III It is evident from the microstructure that the steel is tempered martensite and that the overstrain in this range (Specimen #1) produces no evidence of plastic deformation or grain reorientation.
Effect of Autofrettage on Impact Strength at Various Test Temperatures Examination of the curves for impact strength at various temperatures for Tubes 1585 and 1582 (Figures 4 and 5) reveals that there is a general decrease in impact strength
as the test temperature decreases. The magnitude of the decrease varied from specimen to specimen and showed little correlation with the degree of overstrain (Table II) . 
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